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CLAIMS 

1. A porous particulate material for treating a fluid containing a contaminant, the 
particulate material comprising a mixture of a cementitious material and a bauxite refinery residue. 

2. A porous particulate material as claimed In claim 1 , wherein the volume of the pores is 
between 10% and 90% of the volume of the particulate material. 

3. A porous particulate material as claimed in claim 1, wherein at least 10 % of the pores 
are open cell or interconnected pores. 

4. A porous particulate material as claimed in claim 1, wherein the pores of the 
particulate material have a distributed pore size. 

5. A porous particulate material as claimed in claim 1, wherein the pore size of the 
particulate material is within the range of 0.1 to 2000 jum. 

6. A porous particulate material for treating a fluid containing a contaminant, the 
particulate material comprising a coherent mass of particles, each of virfiich comprises a mixture of 
a cementitious material and a bauxite refinery residue. 

7. A porous particulate material as claimed in claim 6, having a form selected from the 
group consisting of granules, pellets, briquettes, extrudites, gravel, cobbles, blocks, interiocking 
blocks and slabs. 

8. Use of a reactive permeable barrier comprising a permeable mass of porous 
particulate materials according to claim 1 or claim 6, in the treatment of a fluid containing a 
contaminant, wherein the permeable mass of porous particulate materials is disposed within a flow 
path of the fluid containing the contaminant. 

9. A composition for forming porous particulate material for treating a fluid containing a 
contaminant, the composition comprising bauxite refinery residue and a cementitious binder, 
wherein the cementitious binder is present in a sufficient quantity to forni a porous particulate 
material according to claim 1 or claim 6. 

10. A composition for forming porous particulate material for treating a fluid containing a 
contaminant, the composition comprising bauxite refinery residue and a cementitious binder, 
wherein the cementitious binder is present in a sufficient quantity to form a porous particulate 
material according to claim 1 or claim 6, the composition further comprising a pore generating 
agent capable of generating pores within the particulate material upon mixing the composition in an 
aqueous medium. 

11. A composition for fomiing porous particulate material for treating a fluid containing a 
contaminant, the composition comprising bauxite refinery residue and a cementitious binder, 
wherein the cementitious binder is present in a sufficient quantity to fomi porous particulate 
material according to claim 1 or claim 6, the composition further comprising a pore generating 
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agent capable of generating pores within the particulate material upon mixing the composition in an 
aqueous medium, wherein the pore generating agent is selected from hydrogen peroxide, organic 
polymers and a foaming agent. 

12. A composition for forming porous particulate material for treating a fluid containing a 
contaminant, the composition comprising bauxite refinery residue and a cementitious binder, 
wherein the cementitious binder is present in a sufficient quantity to fomi porous particulate 
material according to claim 1 or claim 6, the composition further comprising a phosphatising agent. 

13. A method for producing porous particulate material for treating a fluid containing a 
contaminant, the particulate material comprising a coherent mass of particles, the method 
comprising: 

(a) mixing bauxite refinery residue and a cementitious binder in an aqueous medium to 
form a slurry; and 

(b) curing the sluny at an elevated temperature and for a period of time sufficient to form 
the porous particulate material. 

14. A method for producing a porous particulate material for treating a fluid containing a 
contaminant, the particulate material comprising a coherent mass of particles, the method 
comprising: 

(a) mixing bauxite refinery residue and a cementitious binder in an aqueous medium to 
fonii a slurry; and 

(b) curing the sluny In a mould to fonm a coherent mass of the porous particulate material 
wherein the mould is shaped to impart to the porous particulate material in a form selected from the 
group consisting of granules, pellets, briquettes, extmdites, gravel, cobbles, blocks, interiocking 
blocks and slabs. 

15. A method for producing porous particulate material for treating a fluid containing a 
contaminant, the particulate material comprising a coherent mass of particles, the method 
comprising: 

(a) mixing bauxite refinery residue and cementitious binder in aqueous media to form a 
slurry; and 

(b) curing the slurry at an elevated temperature and for a period of time sufficient to fonm 
the porous particulate material, 

wherein a phosphatising agent is added in step (a) and mixed with the residue and 
the binder to assist in stabilisation of the pore structures during curing. 

16. A method as claimed in claim 13, 14 or 15, wherein the slurry comprises from about 
1% to about 99% w/w of bauxite refinery residue and from about 1% to about 99% w/w of a 
cementitious binder. 
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17. A method as claimed in claim 13, 14 or 15, wherein the slurry further comprises an 
additive selected from the group consisting of sand, ground caustic steel slag residue, alkali metal 
hydroxides, alkali metal carbonates, alkaline earth metal hydroxides, alkaline earth metal 
carbonates, alkaline earth metal oxides, calcium hypochlorite, sodium alum, ferrous sulfate, feme 
sulphate, ferric chloride, aluminium sulfate, gypsum, phosphates, phosphoric acid, hydrotalcite, 
zeolites, olivines, pyroxenes, barium chloride, silicic acid and salts thereof, meta silicic acid and 
salts thereof, an alunite group mineral, magadiite, a silica provider, a plasticiser, a polymeriser, a 
phosphatising agent, an air entraining agent and a combination of any two or more of the 
aforegoing. 

18. A method as claimed in claim 13, 14 or 15, wherein the bauxite refinery residue has a 
pH less than about 1 0.5. 

19. A method as claimed in claim 13, 14 or 15, wherein the cementitious binder is capable 
of fonning a tobennorite gel. 

20. A method for treating a fluid containing a contaminant, the method comprising: 

- providing a permeable mass of porous particulate materials according to claim 1 or claim 6; 

and 

- passing the fluid containing the contaminant through the permeable mass of porous 
particulate materials. 

21. A cementitious composition comprising partially neutralised red mud and cement, 
wherein the partially neutralised red mud has been pre-treated by contacting it with water having a 
total hardness supplied by calcium, magnesium or a combination thereof, of at least 3.5 millimoles 
per litre calcium carbonate equivalent. 

22. A cementitious composition as claimed in claim 21 , wherein the cement is present in 
the composition in a concentration of from about 1 wt% to about 99 wt% and the partially 
neutralised red mud is present in the composition in a concentration of from about 99 wt% to about 
1 wt%. 

23. A cementitious composition as claimed in claim 21, further comprising from 0.2 wt % 
to 3 wt% of the cement of a super-plasticizer. 

24. A cementitious composition as claimed in claim 21, further comprising a plasticiser 
selected from the group consisting of cellulose ethers, methyl-hydroxyethyl-cellulose (MHEC) and 
hydroxypropyl-methyl-cellulose (HPMC). 

25. A process for the manufacture of a cementitious composition comprising 

(a) contacting red mud recovered from the Bayer Process with water having a total 
hardness supplied by calcium, magnesium or a combination thereof, of at least 3.5 millimoles per 
litre calcium carbonate equivalent, so as to obtain a partially neutralised red mud; and 



wo 2005/061408 



PCT/AU2004/001826 



53 

(b) mixing the partially neutralised red mud with cement so as to obtain the 
cementitious composition. 

26. A process for the manufacture of a cementitious composition as claimed in claim 25, 
wherein, in step (a), the pH of the red mud is reduced to a value of at most about 10.5 and at least 

5 about 8.2. 

27. A process for the manufacture of a cementitious composition as claimed in claim 25, 
including a step (a1), after step (a) and before step (b), in which the partially neutralised red mud is 
dried to obtain a dry solid material. 

28. A process for the manufacture of a cementitious composition as claimed in claim 25, 
10 including a step (a1), after step (a) and before step (b), In which the partially neutralised red mud is 

dried to obtain a dry solid material and a further step (a2), after step (a1) and before step (b), in 
which the dry solid material of step (a1) is comminuted so as to obtain a partially neutralised dry, 
comminuted red mud. 
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AMENDED CLAIMS 

[received by the International Bureau on 27 April 2005 (27.04.05); 
original claims 1-28 replaced by amended claims 1-28 (4 pages)] 

CUIMS 

1. A porous particulate material tor treating a fluid con Wing a contaminant, the 
particulate material comprising a mixture of a oementitlous material and a partially neutralised red 
mud , wherein the partially neutrafised red mud has been pre-lreated by contacting It with water 
having a total hardness supplied by calcium^ magnesium or a combination thereof, of at least 3.5 
millimoles per litre calcium carbonate equivalent. 

2. * A porous particulate material as claimed in claim 1 , wherein the volume of the pores Is 
between 10% and 90% of the volume of the particulate material. 

3. A porous particulate material as claimed in claim 1| wherein at least 10 % of the pores 
are open cell or Interconnected pores. 

4. A porous particulate material as claimed in claim 1, wherein ihe pores of the 
particulate material have a distributed pore size. 

5. A porous ^rticutgite material as claimed In claim 1, wherein the pore size of the 
particulate material is within the mnge of 0.1 to 2000 fxm> 

& A porous particulate material for treating a fluid containing a corrtaminant. the 
particulate material comprising a coherent mass of particles^ each of whldi comprises a mixture of 
a cemenfitious material and a partially neutralised red mud, wherein the partially neutralised red 
mud has been pre*treated by contacting it with water having a total hardness supplied by calcium, 
magnesium or a combination thereof, of at least 3.5 millimoles per litre calcium carbonate 
equivalent 

7. A porous particulate material as claimed (n claim 6, having a fomi selected from the 
group consisting of granules, pellets, briquettes, extn,idite6, gravel, cobbles, blodcs. Interlocking 
blocks and slabs. 

♦ 

8. Use of a reactive permeable banler or a reaction/filter column oomprising a permeable 
mass of porous particulate materials according to claim 1 or daim in the treatment of a fluid 
containing a contaminant, wherein the pemieabie mass of porous particulate materials is disposed 
within a flow path of the fluid containing the con^nant 

9. A composition tor forming porous particulate material for treating a fluid containing a 
contaminant, the composition comprising bauxite refinery residue and a cementltlous binder, 

* 

wherein the cementltlous binder is present In a sufficient quantity to form a porous particulate 
material according to claim 1 or claim 8. 

10. A composlHon for forming porous particulate material for treating a fluid containing a 
conteminant, tiie composiUon comprising bau)(ite refinery residue and a cementltlous binder, 
wherein the cementltlous binder Is present in a sufncier\t quantity to fomn a porous particulate 
material according to claim 1 or claim 6i the composition furfiier comprising a pore generating 
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agent capebte oS generating pores within the particulate material upon mixing the ooniposition in an 
aqueous medium. 

11. A composition for fomiing porous paittoilate material for treating a fluid containing a 
contaminant, the composition comprising bauxite refinery residue and a oementitious binder, 

s wherein the cementitloue binder Is present in a sufficient quantity to form porous particulate 
material according to daim 1 or claim 6. the composition further comprising a pore generating 
agent capable of generating pores within the particulate material upon mixing the composition tn an 
aqueous medium, wherein the pore generating agent is selected from hydrogen peroxide, organic 
polymers and a foaming agent. 

10 12. A composition for forming porous particulate material for treating a fluid containing a 

contaminant, the composition comprising bauxite refinery residue and a oementitious binder, 
wherein the oementitious binder is present in a sufficient quantity to fonn porous particulate 
material acconjlng to claim 1 or claim 6, the composition further comprising a phosphorising agent 

13. A method for producing porous particulate materia] for treating a fluid containing a 
is contaminant, the particulate material comprising a coherent mass of particles, tiie method 

comprising: 

. (a) parflally neutralising red mud by contading it with water having a lotaihardn^^^ 
supplied by calcium, magnesium or a combination thereof » of at least 3.6 milHmotes per litre calcium 
carbonate equivalent; 

20 (b) mbdng the partially neutralised red mud with a oementitious binder in an 

aqueous medium to fonn a slurry; and 

(c) curing the sluny for a period of time suftlcient to form the porous particulate 

material. 

14. A method for producing a porous particulate material for treating a fluid containing a 
25 contaminant, the particulate material comprising a coherent mass of particles, the method 

comprising: 

(a) partially neutralising red mud by contacting It .with water having a total hanSness 
supplied by calcium, magnesium or a combination thereof, of at least 3.5 miilimoles per litre calcium 
carbonate equivalent; 

30 (b) mbdng the partially neutralised red mud with a cementilious binder in an 

* 

aqueous medium to fonn a slurry^ and 

(c) curing the sluny In a mould to form a coherent mass of the porous particulate 
material, wherein the mould Is shaped to Impart to the porous particulate material a form selected 
from the group consisting of granulei^ pellets, briquettes, exbudltes, gravel, cobbles, blocks, 
3S interlocking blocks and slabs. 
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15. A method for pmducing porous particulate material for treating a lluld containing a 
contaminant, the partiojlate material comprising a coherent mass of paitlclesi the method 
comprising: 

(a) partially neutralised red mud by conta^^lng it with water having a total hardness 
s supplied by caldum, magnesium or a comlplnation thereof* of at least 3.6 millimoles per litre calcium 

carbonate equivalent; 

■ 

(b) mixing the partially neutralised ted mud with a cementitlous binder in aqueous 
medium to form a slurry; and 

(o) curing the slurry for a period of time sufficient to form the poro(& particulate 

10 materiali 

wherein a pho^hortsing agent is added In step (a) and mixed with the residue and the 
binder to assist in stabilisation of the pore structures during curing. 

16. A method as claimed In claim 13, 14 or 15, wherein fiie slurry comprises from about 
1% to about 99% w/w of bauxite refinery residue and from about 1% to about 99% w/w of a 

IS cementitlous binder. 

17. A mettiod as claimed In claoD 1 3 J 4 or 1 5, wherein.the slurry further comprises one or 
mora additives selected from the group consisting of sand, ground caustic steel slag residue; alkali 
metal hydroxidesi alkali metal cart>onates, alkaline earth metal hydroxides, alkaline earth metal 
carbonates, alkaline earth metal oxides, calcium hypochtorifei sodium alum, ferrous sulfate, fenlc 

20 sulphate, ferric chloride, aluminium sulfate, gypsum, phosphates, phosphoric acid, hydrotalcite, 
zeolites, olivines, pyroxenes, barium chloride, silicic acid end salts thereof, meta silicic add and 
salts thereof, an alunite group mineral, magadilte, a silica provider, a plasticiser, a poiymeriser, a 
phosphatfsing agent, and an air entraining agent. 

IB. A method as claimed In claim 13, 14 or 15, wherein the bauxite refinery residue has a 

25 pH less than about 1 0 .5. 

19. A method as claimed in daim 13, 14 or 15, wherein the cementitious binder is capable 
of forming a tobemiorite gel. 

20. A method for treating a fluid containing a conteuttinant, the method comprising; 

- providing a permeable mass of porous particulate materials according to claim 1 or 

50 daim 6; and 

* passing the flukl opntalntng the contaminant through tiie permeable mass of porous 
particulate materials. 

21. A cementitlous composttion comprising partially neutralised red mud and .cement, 
wiierein the partially neutialised red mud has been pre-treated by contacting R >»>th water having a 
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total hardness supplied by calcium, magnesium or a oombtnation theieofi of at least 3.5 miilimoles 
per IHre calcium carbonate equivalent. 

22. A cementitlous cbmposftion as claimed In claim 21, vifherein the cement is present in 
the composition in a concentration of from about 1 .wt% to about 99 wt% and the partially 

m 

■ 5 neutralised red mud present in the composition in a concentration of from about 99 wt% to about 
1 wt%. 

23. A cementttious composition as claimed in claim 21. further comprising from 0.2 wt % 
to 3 wt% of the cement of a supe^plast^ctee^ 

24. A oemenWous composition as claimed in claim 21. further comprising a piasflciser 

« 

10 selected from the group consisting of cellulose ethers, methyl-hydroxyethyl-ceilulose (MHEC) and 
hydroxypropyl-methyl^eUulose (HPMC). 

25. A process for the manufacture of a cementitious composition comprising 

(a) contacting red mud recovered from the Bayer Process with water haying a total 
hardness supplied by calcium, magnesium or a combination thereof, of at least 3.5 miilimoles per 

IS litre caldum carbonate equivalent, so as to obtain a partially neutralised red mud; and 

(b) nnbdng the partial^ neutralised red mud with cement so as to obtain the 
cementitious .composition. 

26. A process for the manufacture of a (^menlittous composition as cledmed in claim 25, 
wherein, in step (a), the pH of the red mud Is reduced to a value of at most about 10.S and at least 

m 

20 about 8,2/ 

ft 

27. A process for the manufacture of a cementitious imposition as cisdmed In daim 25, 
including a step (al), after step (a) and before step (b). In which the partially neutraGsed red mud is 
dried Id obtain a dry solid material 

28. A process for the manufacture of a cemenlilious composition as claimed in daim 25, 
25 induding a step (al), after step (a) and before step (b), in which the partially neutralised red mud is 

dried to d}|afn a dry solrd material and a further, step (a2), after step and before step (b), in 
which the dry aoBd material of step (al) is comminuted so as to obtain a partially neutralised dry, 
comminuted red mud. 
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